Abstract. The selection of robot manipulator architecture, i.e. the determination of link lengths, their relative orientations, types of joints, e.g. revolute or prismatic, etc., has been largely done so far by experience, intuition and at most based on the kinematic considerations like workspace, manipulability, etc. Dynamics is generally ignored at this stage even though it is widely used for control and simulation. This paper attempts to introduce a criterion based on the dynamics of a robot manipulator, namely, simplicity of the associated generalized inertia matrix (GIM). Since the GIM influences both the control and simulation algorithms significantly, its fast computation and / or making its shape diagonal will certainly enhance the speed, precision, and stability of the robots. Two measures of simplicity, the computation complexity of the GIM in terms of floating point operations and the computer CPU time of an algorithm where the GIM appears, e.g., the inverse dynamics algorithm, are used here to evaluate a robot arm. The proposed criterion is illustrated with two -link robot arms with revolute and prismatic joints and compared with the two commonly used criteria, namely, the workspace, and manipulability. Finally, an example is taken to select an arm from the two spatial robot architectures, RTX and Stanford.
Introduction
A robot is characterized by its degree of freedom, number of joints, type of joints, joint placement and their orientation, link lengths and shapes, which influence its performances, namely, the workspace, manipulability, speed of operation, etc. The speed of operation significantly depends on the complexities of the kinematic and dynamic equations and their computations. The robots with different architectures will have different kinematic and dynamic equations with varying computational complexities. Hence, in order to select a suitable robot, both aspects i.e. kinematics as well as dynamics should be looked into. Generally, kinematic characteristics like workspace [1] [2] [3] , manipulability [4] [5] [6] , etc. are considered for the selection of a robot. Dynamics is generally neglected at this stage, even though it is widely used for control [7] [8] [9] [10] [11] [12] and simulation of robots [12] [13] [14] [15] [16] [17] . In this paper, simplicity of dynamic model and its computations are emphasized, particularly, with respect to the generalized inertia matrix (GIM), which has been proposed as a criterion for robot architecture selection. The simplicity of the GIM is emphasized here because, for example, if it is diagonal, control becomes decoupled, i.e. each joint motion servo control is not influenced by the servo gains of the other joints. This improves overall robot performance, namely, speed and precision. Besides, the simulation, in which the inversion of the GIM is required, becomes straight forward, as the inversion of a diagonal matrix is just another diagonal matrix whose non-zero elements are the reciprocals of the corresponding non-zero elements of the original matrix.
In order to decide whether the GIM of robot architecture is simple or not, it is essential to have the expressions of each elements of GIM as descriptive as possible. Thus, the concept of the decoupled natural orthogonal compliment (DeNOC) introduced in Saha [18] is used here to derive the dynamic equations of motion. The DeNOC concept allows one not only to write the elements of the GIM in explicit analytical forms, but also for the elements of the matrix of convective inertia (MCI). These forms led to the development of recursive dynamics algorithms for both the inverse and forward dynamics of serial [17, 18] , and parallel [19] robotic systems. Using the analytical expressions, one can estimate the computational complexities of the GIM and MCI in terms of floating point operations, which will have bearing on the overall computer CPU time of an algorithm where GIM and MCI appear, e.g., in the inverse dynamics algorithm. This paper is organized as follows: Section 2 provides an outline of the dynamic modelling using the decoupled natural orthogonal compliment (DeNOC); Section 3 introduces the proposed criteria for robot selection; Section 4 illustrates the selection criterion using 2-link arms; Section 5 considers an example of an arm selection from RTX and Stanford architectures. Finally, conclusions are given in Section 6.
